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Introduction 
ABSTRACT - The alteration of the statues adorning the Baptism and Birth 
Porticos of the Cathedral of Seville (Spain) made by Lorenzo Merc?dante was 
studied. 
The statues are covered by dust which contains organic matter, nitrogen 
(organic and ammoniacal) and phosphorus coming from animal excrements 
and other environmental contamination. The lead content, caused by petrol 
combustion is very high (0.38%). 
The study of the ceramics shows sulphur contents changing from 0.81% in 
the altered ceramic to 0.26% in the unaltered parts. 
Sorne zones of the surface have a reddish colour and a similar composition to 
the ceramic, but with a higher iron contento Accumulation of iron oxides on 
the surface comes from release of this e1ement from the ceramic and ulterior 
precipitation. 
The environment.provides S02, SH2, CO2, Pb, nitrogen compounds, humid· 
ity, mechanical erosion, etc., and also salts (external and from the ceramic), 
that cause considerable alteration of these ceramic sculptures. 
T he degree and causes of alteration 
of material S employed in building 
and ornamentatjon of monuments is 
very important from the viewpoint of 
its conservation (MARIJNISSEN, 
1967; ROSSI-MANARESI, 1976). The 
alteration produced in urban build-
ings because of their exposure to the 
atmosphere is essentially mechanical 
and chemical. WINKLER (1966; 
1973) and IÑIGUEZ-.HERRERO 
(1967) have pointed out the different 
causes of decay of stones used for 
building. 
In the Seville Cathedral there are 
two Porticos decorated by Merca-
dante between 1453 and 1467. Each 
one of these porticos displays on its 
jambs six statues made of terra cotta. 
In a previous paper, PEREZ-RO-
DRIGUEZ et al. (1985) have studied 
the material s and techniques used 
to make the statues. In the manufac-
ture of this ceramic two different fir-
ing temperatures were used (below 
950 oC and over 950 oC) and the possi-
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Fig. 1 - Baptism PortieD of the Cathedral of Seville. 
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Fig. 2 - Birth Portico of the Cathedral of Seville. 
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ble material employed was a blue 
mad consisting of illite, smectite, 
kaolinite, quartz, feldspars, calcite 
and iron oxide. 
The deteriorating quality of the 
urban atmosphere of Seville (FER-
RAND et al., 1969; 1975; REPETTO 
& MENENDEZ, 1971), has greatly 
accelerated the decay of these ceram-
ic statues. In regard to the great 
value of this artistic monument, the . 
present work was undertaken to 
study the causes and degree of altera-
tion supported by this ceramic. 
Materials and methods 
The Baptism and Birth Porticos 
are shown in Fig. 1 and Fig. 2, respec-
tively. 
Samples of the dust that cover the 
statues, dust from accumulation 
zones, original unaltered ceramic, 
ceramic with different degrees of al-
teration, and rock surrounding the 
statues, were taken. 
Chemical analysis. The determina-
tion of Si, Al, Fe, Ti, Ca, Mg~ Mn and 
Pb was made following the method 
proposed for the dissolution of sili-
cates by BENNET et al. (1962), with 
the concentration of the elements 
being determined by atomic absorp-
tion spectrometry. 
X-ray diffraction. XRD diagrams 
were obtained with a Siemens Unit, 
using Ni-filtered CuKa radiation and 
a scanning speed of 1° 28 per minute 
(BRINDLEY & BROWN, 1980). 
Thermal analysis. Differential ther-
mal and thermogravimetric analyses 
were carried out using a Rigaku Unit, 
operating at a heating rate of 15°C per 
minute{MACKENZIE,19"lO).~···· 
Infrared analysis. IR spectra were 
recorded from 400 to 4000 cm -1, us-
ing a Perkin Elmer model377 double 
beam spectrophotometer after sam-
pIe preparation utilizing the KBr 
disk-technique (FARMER, 1974). 
Sulphur analysis. The sulphur con-
tent was determined in a Leco set 
model 522 by formation of S02 in an 
induction furnace and subsequent 
titration with potassium iodate. 
Carbon analysis. The concentration 
of carbon was obtained by oxidation 
-of organic matter with potassium 
dichromate. 
Nitrogen analysis. Total nitrogen 
was determined following the Kjel-
dahl method. The nitro gen from ni-
trates and nitrites was determined by 
fixation with salicylic acid and re-
duction with sodium thiosulphate, 
and ulterior titration in a Kjeldahl 
apparatus (NEHRING, 1960). 
Phosphorus analysis. The analyses 
for phosphorus were performed 
according to the method of MURPHY 
& RILEY (1962). 
Results and discussion 
In order to obtain a better under-
standing of the nature of the altera-
tion of these sculptures, the composi-
tions of the different layers observed 
from the external to internal part of 
the ceramic were studied. 
The most external part of the stat-
ues is covered by dust that contains 
gypsum, calcite and quartz, as is 
shown by the X-ray diagram (Fig. 
3a). 
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Fig.3 - X-ray diffraction patterns of the dust covering the statues (a) and that found in accumula-
tion zones (b). Gy: gypsum; Q: quartz; Cal: calcite; M: mica; F: feldspar. 
The dust accumulated in "sorne 
zones of the statues (Fig. 3b) has a 
. higher proportion of quartz, mica 
aild feldspar and a lower proportion 
of gypsum in relation to ~he dust 
from the most external part. The dif-
ference between the two samples 
may be due to the coarser grains 
coming from external contributions, 
and the altered ceramic that remains 
in the accumulation zones. 
The che mi cal analysis of the dust 
(Table 1) shows a high content in 
organic matter, nitrogen (organic 
and ammoniacal) and phosphorus, 
coming from animal excrements and 
other environmental contamination. 
The high lead content (0.38%) can 
only be produced by petrol combus-
tion. The high suplhur content 
agrees with X-ray diffraction di a-
grams that show gypsum in its com-
position, probably arising from exter-
nal contributions and alteration of 
the ceramic by the S02 in the atmo-
sphere. 
TABLE 1 
Chemical analysis of dust that cover the statues (%) 
Nitrogen 
Nitrates 
Organic matter 
Carbon 
Sulphur 
Phosphorus 
Lead 
0.59 
0.00 
7.50 
4.40 
0.85 
0.49 
0.38 
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All this suggests the existence of 
acid pH and salts that alter the 
ceramic material. 
In sorne altered parts, the dust 
mixed with the remainder of the 
ceramic forms a hard crust, whose 
composition is intermediate between 
the dust and the ceramic. 
The X-ray diffTaction study shows 
that the proportion of gypsum, cal-
cium carbonate and other compo-
nents found in the dust decreases 
from the external to internal part of 
the ceramic. 
The proportion of sulphur in the 
ceramic changes from 0.81% in the 
external part (altered ceramic) to 
0.26% in the internal part (un-
al'[ered). The presente cifa substaii-
ti al proportion of sulphur in the in-
ternal part is very significant from 
the point of view of the alteration. 
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Fig. 4 - Gravimetric and thermal analysis 
curves of a sample of altered ceramic. 
The gravimetric and differential 
thermal analysis curves of alteÍ"ed 
ceramic (Fig:4)igre~-wiÍhth.e X-ra)' 
diffraction diagrams. The thermal 
curve shows an endothermic effect at . 
158 oC and also a weight loss caused 
by dehydration of gypsum. At 335 oC 
there is a broad exothermic effect and 
a weight los s indicative principally of 
organic components and gels of iron, 
originating from environmental con-
tamination and alteration of the 
ceramic, respéctively. Endothermic 
effects at 573 oC and 780 oC are due to 
the a-~ quartz transformation and 
the decomposition of calcium car-
bonate, respectively. The endother-
mic effect at 890 oC is due to the de-
hydroxylation of smectite, illite and 
kaolinite only partially decomposed 
in the original ceramic, while the exo-
thermic effect at 920 oC is due to 
the recrystallization to wollastonite, 
kilchoanite and anorthite. The reason . 
for the two last effects is that the 
altered ceramic wás fired at a 
temperature below 950 oC (PEREZ-
RODRIGUEZ et al., 1985). 
Sorne zones of the surface of the 
statues have a réddish colour. The 
chemical analysis data for Fe, Ca and 
Mn from the reddish patina and the 
most internal part of the same ceram-
ic are shown in Table 2. The iron 
and manganese contents are higher 
on the surface, probably due to a re-
lease of these elements from the ce-
ramic and ulterior precipitation, 
producing the reddish colour. 
The rocks that surround the ceram-
ic statues may also influence the al-
teration process. The petrographic 
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TABLE 2 
Chemical analysis of FeZ03, CaO and Mn from the external and internal part 
reddish part internal 
external part 
Fe20 3 6.33% 4.95% 
CaO 19.86% 14.12% 
Mn 573 ppm 450 ppm 
a~d X-ray diffraction studies show 
that this rock is a calcareous sand-
stone consisting of calcite, quartz and 
feldspar. This material is easily 
altered, loosing the cementating 
components and yielding gypsum. 
These components are deposited on 
the statues and have influenced their 
alteration, because of an extra con-
tribution of salts. 
The experimental results suggest 
the following causes of altera.tion: 
1. The environment provides 'S02, 
SH2, CO2, Pb, nitrogen compounds, 
animal excrements, salts (external 
and from the ceramic), humidity, 
mechanical erosion, etc., that cause a 
high alteration of these ceramic 
. sculptures. 
2. The S02.in the atmosphere orig-
inates from contamination (petrol 
combustion from cars and from in-
dustry). It has been shown ex-
. perimentally (FUZZI & VITTORI, 
1976) that a high transformation of 
S02 to S03 can happen in urban. 
atmospheres when NH3 is presento In 
the ceramics of the Seville Cathedral 
there is a high proportion of ammo-
niacal nitrogen and also Pb, which 
can catalyze the formation of sul-
phuric acid. This acid may produce 
gypsum by reaction with the calcium 
carbonate or other calcium bearing 
minerals of the ceramic. 
3. The recarbonation of smali ~al­
cium oxide nodules formed during 
the manufacture of the ceramic, as 
has been shown in a previous paper 
(PEREZ-RODRIGUEZ et al., 1985), 
may produce strain, but does not 
cause any visible cracks in the ce-
ramic. These nodules and the calcium 
carbonate from external contamina-
tion react with the environmental 
CO2 yielding calcium bicarbonate 
that produces movement ofsalts 
through the ceramic, thus contribut-
ing to its alteration. 
4. The proportion of sulphate and 
carbonate found is very high in rela-
tion to the content of CaO initially 
present in the ceramic, and thus, 
there must be contributions from the 
Seville atmosphere and from the al-
teration of the rock that surrounds 
the sculptures. 
5. Salts, and especially the influ-
ence of atmospheric agents in sorne 
zones of the ceramic, produce the lib-
eration and migration of iron and 
manganese from the interior to the 
surface with subsequent precipita-
tion on it, produ~ing a red patina. 
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